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METHOD AND SYSTEM FOR REDUCING
EFFECTS OF UNDESIRED SIGNALS IN AN
INFRARED IMAGING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to, the benefit of, and 1s a

continuation of co-pending U.S. patent application Ser. No.
12/106,910, filed on Apr. 21, 2008, entitled “METHOD AND

SYSTEM FOR REDUCING EFFECTS OF UNDESIRED
SIGNALS IN AN INFRARED IMAGING SYSTEM”,
which claims priority to, the benefit of, and 1s a divisional
application of co-pending U.S. patent application Ser. No.
10/8°70,7777, filed Jun. 16, 2004, entitled “Methods and Sys-
tem for Reducing Effects of Undesired Signals in an Infrared
Imaging System™, the entire contents of both of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention generally pertains to active mirared
(IR) imaging, and more specifically, to removing IR signals
received from unintended and undesired IR sources 1n a
region of interest to improve the quality of imaging data
resulting from the active IR source.

BACKGROUND OF THE INVENTION

The presence of undesired signals 1s a concern 1n the pro-
cessing of virtually all electromagnetic signals. Even 1n a
relatively simple system, such as a radio, a squelch control 1s
often provided to attenuate signals below a certain magni-
tude, so as to avoid undesired background static being audible
when a signal of interest 1s not being recerved. What consti-
tutes undesired background static 1s for the user to judge, and
the user can set the squelch control to limit the audibility of
received signals based on the user’s judgment.

Automated signal processing systems, where a computer
system autonomously responds to input signals, present a
more difficult problem. Unlike the example of a squelch
control noted above, where a user can adjust the squelch level
based on experience and judgment, 1t 1s more difficult to
program a computer system to automatically set a limit to
differentiate between types of signals that are desirable and
those that are not. For example, computers respond well to
unambiguous mput from keyboards, pointing devices, and
similar input devices, but respond less satistactorily to voice
commands. Anyone who has used speech recognition pro-
grams has experienced some difficulty when the computer
fails to recognize something the user said, which happens
more often 11 there 1s any background noise or other sounds
that affect the auditory 1nput perceived by the computer.

Computer vision arguably 1s a much more intricate prob-
lem than speech recognition. If the computer must process too
many visual signals or too broad a range of visual signals, the
input will more likely be misread by the computer. On the
other hand, 1f the computer suppresses too many visual sig-
nals, the computer also may misread visual mnputs or ignore
intended visual inputs entirely.

Today, computer vision 1s becoming an 1ncreasingly
important field 1in furthering the desire to make computers and
their interfaces even more user iriendly. For example, the
MIT Media Lab, as reported by Brygg Ullmer and Hiroshi
Ishi1 1n “The metaDESK: Models and Prototypes for Tangible
User Interfaces,” Proceedings of UIST October 1997: 14-17,"

has developed another form of “keyboardless” human-ma-
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chine interface. The metaDESK includes a generally planar
graphical surface that not only displays computing system

text and graphic output, but also receives user input by “see-
ing”” and responding to an object placed against the graphical
surface. The combined object responsive and display capa-
bility of the graphical surface of the metaDESK 1s facilitated
using IR lamps an IR camera, a video camera, a video pro-
jector, and mirrors disposed beneath the surface of the meta-
DESK. The mirrors retlect the graphical image projected by
the projector onto the underside of the graphical display sur-
face to provide images that are visible to a user from above the
graphical display surface. The IR camera can detect IR reflec-
tions from the undersurface of an object placed on the graphi-
cal surface. By “seeing” and detecting a specially formed
object or IR-reflected light from an object disposed on a
graphical display surface, the metaDESK can respond to the
contemporanecous placement and movement of the object on
the display surface to carryout a predefined function, such as
displaying and moving a map of the MIT campus.

Others have been developing similar keyboardless inter-
faces. For example, papers published by Jun Rekimoto of the
Sony Computer Science Laboratory, Inc., and associates
describe a “HoloWall” and a “HoloTable” that display images
on a surface and use IR light to detect objects positioned
adjacent to the surface.

Both the metaDESK and HoloWall/HoloTable use IR light
to see objects and movements for good reasons. If the systems
responded to visible light, visible light projected by the sys-
tems and reflected back by the interactive surface could lead
to false readings by the computing system. Further, even it
reflections could be suppressed, unless the system 1s disposed
in a dark room, room lights and other visible light passing
through the interactive display surface would substantially
adversely aflect the computer vision systems.

Using retlected IR light to detect objects placed on an
interactive display surface avoids much of the problems that
would arise from attempting to recognize the objects with
ubiquitous visible light. However, although people are gen-
erally aware of the IR content of light produced by most
sources, because 1t 1s not visible to the naked eye, ambient IR
light signals that might adversely impact computer vision
systems also are very common. Incandescent lights, the sun,
and a variety of other common sources generate IR light.
Theseunintended IR signals, just like unintended visible light
signals, can provide undesired input to IR -sensitive computer
vision systems. Band-pass type filters can suppress visible
light and other non-IR light, but they are not helpful 1n sepa-
rating IR light reflected from an object that 1s to be detected
from background IR light.

It 1s therefore desirable to filter, mask, or otherwise reduce
the effects of unintended and undesired IR light signals, to
prevent IR light vision systems from responding to extrane-
ous IR light signals. The effect of the undesirable background
IR light should be avoided when detecting objects without
requiring that an IR computer vision system be operated in an
environment that shields 1t from all background IR sources.

SUMMARY OF THE INVENTION

One of the more important functions of the present inven-
tion 1s to reduce the effects of undesired IR sources, including
ambient sources such as sunlight, incandescent light, and
other IR sources, 1 an IR 1imaging system. Imaging data are
captured both when the IR source controlled by the IR 1mag-
ing system 1s activated and when it 1s not. The 1imaging data
collected when the controlled IR source 1s deactivated are
imaging data based on undesired IR sources. Thus, by pixel-
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wise subtracting a set of imaging data collected when the IR
source was deactivated, from a set of 1imaging data collected
when the IR source was activated, the resulting composite set

of 1imaging data should include only imaging data resulting
from 1llumination generated by the controlled IR source.

One aspect of the present mvention 1s thus directed to a
method for reducing effects of undesired IR light sources in
an 1maging system using an IR light source. The IR light
source 1s activated during a first image capture interval, and a
first set of 1imaging data i1s captured during the first image
capture 1terval. The IR light source 1s then deactivated, and
a second set of 1image data 1s captured during the second
image capture nterval. A composite set of image data 1s then
generated by subtracting from first values 1n the first set of
image data corresponding second values in the second set of
image data.

In accordance with one embodiment of the present inven-
tion, activation of the IR light source 1s controlled by an image
capture device, such that an 1image capture signal generated
by the 1mage capture device causes the IR light source to be
activated during the first image capture interval and deacti-
vated during the second 1image capture interval.

The IR light source 1s disposed on a first side of a light-
permeable surface. As a result, the IR light source directs IR
light on a physical object disposed adjacent an opposite side
of the light-permeable surface. The image capture device, like
the IR source, 1s disposed on the first side of a light-permeable
surface and 1s used to capture IR light cast by the IR light
source that has been reflected by the physical object.

The 1image processing system uses the light retlected by the
physical object 1n the composite set of 1image data to recog-
nize a characteristic of the physical object. In this method, the
first values 1n the first set of 1mage data represent an intensity
of IR light captured for each of a plurality of points across the
first side of the light-permeable surface during the first image
capture interval, while the IR light source was activated. The
second values 1n the set of image data represent an intensity of
IR light captured for each of the plurality of points across the
first side of the light-permeable surface during the second
image capture iterval, while the IR light source was deacti-
vated.

In one embodiment of the present invention, the composite
image data are determined by the equation:

Dx.y)=lonx,y)-Iopr(x,y)

where:

X,y represents a coordinate location of a point on the first

side of the light permeable surface;

I (X, y) represents intensity of IR light detected during the

first image capture interval at point x,y;

I,-=(X,y) represents intensity of IR light detected during

the second 1mage capture interval at point x,y; and.

D(X,y) represents the net intensity of IR light at point X,y

when the mtensity of the IR light captured at the point
X,y during the second 1mage capture interval 1s sub-
tracted from the intensity of the IR light captured at the
point X,y during the first image capture interval.

The composite set of image data generated 1s provided to
an 1mage processing system. There, the IR light reflected by
the physical object 1s used to recognize a characteristic of the
physical object. Furthermore, a projector 1s preferably posi-
tioned on the first side of the light-permeable surface and 1s
usable to present images on the opposite side of the light-
permeable surface. A physical object on the opposite side of
the light-permeable surface can thus interact with an 1image
presented thereon.
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BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 1s a functional block diagram of a generally conven-
tional computing device or personal computer (PC) that 1s
suitable for image processing for the interactive display sur-
face as used 1n practicing the present invention;

FIG. 2 1s a cross-sectional view of a table-type interactive
display surface, illustrating internal components;

FIG. 3 1s an 1sometric view of an embodiment of the table-
type imteractive display surface that 1s coupled to an external
PC;

FIGS. 4A, 4C, and 4E each show an enlarged cross-sec-
tional view of a portion of the display surface, with a hand
adjacent to the display surface 1lluminated by IR light {from a
controlled IR source and/or ambient IR light, while FIGS. 4B,
4D, and 4 F show resulting images captured from the display
surface based upon reflected IR light from the hand;

FIG. S1s ablock diagram of a system for reducing the effect
of undesired IR sources according to an embodiment of the
present invention; and

FIG. 6 15 a flow diagram illustrating the logical steps for
reducing the effect of undesired IR 1llumination according to
an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Exemplary Computing System for Implementing
Present Invention

With reference to FIG. 1, an exemplary system suitable for
implementing various portions of the present invention 1s
shown. The system includes a general purpose computing
device 1n the form of a conventional PC 20, provided with a
processing unit 21, a system memory 22, and a system bus 23:
The system bus couples various system components 1nclud-
ing the system memory to processing unit 21 and may be any
ol several types of bus structures, including a memory bus or
memory controller, a peripheral bus, and a local bus using any
of a variety of bus architectures. The system memory includes
read only memory (ROM) 24 and random access memory
(RAM) 25. A basic input/output system 26 (BIOS), contain-
ing the basic routines that help to transfer information
between elements within the PC 20, such as during start up, 1s
stored in ROM 24. PC 20 further includes a hard disk drive 27
for reading from and writing to a hard disk (not shown), a
magnetic disk drive 28 for reading from or writing to a remov-
able magnetic disk 29, and an optical disk drive 30 for reading
from or writing to a removable optical disk 31, such as a
compact disk-read only memory (CD-ROM) or other optical
media. Hard disk drive 27, magnetic disk drive 28, and optical
disk .drive 30 are connected to system bus 23 by a hard disk
drive mterface 32, a magnetic disk drive interface 33, and an
optical disk drive interface 34, respectively. The drives and
their associated computer readable media provide nonvolatile
storage of computer readable machine instructions, data
structures, program modules, and other data for PC 20.
Although the exemplary environment described herein
employs a hard disk, removable magnetic disk 29, and remov-
able optical disk 31, 1t will be appreciated by those skilled 1n
the art that other types of computer readable media, which can
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store data and machine 1nstructions that are accessible by a
computer, such as magnetic cassettes, flash memory cards,
digital video disks (DVDs), Bernoulli cartridges, RAMs,
ROMs, and the like, may also be used 1n the exemplary
operating environment.

A number of program modules may be stored on the hard
disk, magnetic disk 29, optical disk 31, ROM 24, or RAM 25,
including an operating system 35, one or more application
programs 36, other program modules 37, and program data
38. A user may enter commands and information in PC 20 and
provide control 1input through 1mnput devices, such as a key-
board 40 and a pointing device 42. Pointing device 42 may
include a mouse, stylus, wireless remote control, or other
pointer, but 1n connection with the present invention, such
conventional pointing devices may be omitted, since the user
can employ the interactive display for input and control. As
used hereinaiter, the term “mouse” 1s intended to encompass
virtually any pointing device that 1s useful for controlling the
position ol a cursor on the screen. Other mput devices (not
shown) may include a microphone, joystick, haptic joystick,
yoke, foot pedals, game pad, satellite dish, scanner, or the
like. These and other mput/output (I/0) devices are often
connected to processing unit 21 through an I/O interface 46
that 1s coupled to the system bus 23. The term 1I/O interface 1s
intended to encompass each interface specifically used for a
serial port, a parallel port, a game port, a keyboard port, and/or
a universal serial bus (USB). System bus 23 1s also connected
to a camera interface 59, which 1s coupled to an interactive
display 60 to receive signals form a digital video camera that
1s 1ncluded therein, as discussed below. The digital video
camera may be instead coupled to an appropnate serial I/O
port, such as to a USB version 2.0 port. Optionally, a monitor
47 can be connected to system bus 23 via an appropriate
interface, such as a video adapter 48; however, the interactive
display table of the present invention can provide a much
richer display and interact with the user for input of informa-
tion and control of software applications and 1s therefore
preferably coupled to the video adaptor. It will be appreciated
that PCs are often coupled to other peripheral output devices
(not shown), such as speakers (through a sound card or other
audio mterface—not shown) and printers.

The present invention may be practiced on a single
machine, although PC 20 can also operate 1in a networked
environment using logical connections to one or more remote
computers, such as a remote computer 49. Remote computer
49 may be another PC, a server (which 1s typically generally
configured much like PC 20), a router, a network PC, a peer
device, or a satellite or other common network node, and
typically includes many or all of the elements described
above 1n connection with PC 20, although only an external
memory storage device 50 has been illustrated 1n FIG. 1. The
logical connections depicted 1n FIG. 1 include a local area
network (LAN) 51 and a wide area network (WAN) 52. Such
networking environments are common in oifices, enterprise
wide computer networks, intranets, and the Internet.

When used 1n a LAN networking environment, PC 20 1s
connected to LAN 51 through a network interface or adapter
53. When used 1n a WAN networking environment, PC 20
typically includes a modem 54, or other means such as acable
modem, Digital Subscriber Line (DSL) interface, or an Inte-
grated Service Digital Network (ISDN) interface for estab-
lishing communications over WAN 52, such as the Internet.
Modem 54, which may be internal or external, 1s connected to
the system bus 23 or coupled to the bus via IO device inter-
face 46, 1.¢., through a serial port. In a networked environ-
ment, program modules, or portions thereot, used by PC 20
may be stored 1n the remote memory storage device. It will be
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appreciated that the network connections shown are exem-
plary and other means of establishing a communications link
between the computers may be used, such as wireless com-
munication and wide band network links.

Exemplary Interactive Surface

In FIG. 2, an exemplary interactive display table 60 1s
shown that includes PC 20 within a frame 62 and which serves
as both an optical mput and video display device for the
computer. In this cut-away Figure of the interactive display
table, rays of light used for displaying text and graphic images
are generally illustrated using dotted lines, while rays of
infrared (IR) light used for sensing objects on or just above a
display surface 64a of the interactive display table are 1llus-
trated using dash lines. Display surface 64a 1s set within an
upper surface 64 of the interactive display table. The perim-
cter of the table surface 1s usetul for supporting a user’s arms
or other objects, including objects that may be used to interact
with the graphic 1images or virtual environment being dis-
played on display surface 64a.

IR light sources 66 preferably comprise a plurality of IR
light emitting diodes (LEDs) and are mounted on the interior
side of frame 62. The IR light that 1s produced by IR light
sources 66 1s directed upwardly toward the underside of dis-
play surface 64a, as indicated by dash lines 78a, 785, and 78c¢.
The IR light from IR light sources 66 1s reflected from any
objects that are atop or proximate to the display surface after
passing through a translucent layer 645 of the table, compris-
ing a sheet of vellum or other suitable translucent material
with light diffusing properties. Although only one IR source
66 1s shown, 1t will be appreciated that a plurality of such IR
sources may be mounted at spaced-apart locations around the
interior sides of frame 62 to prove an even i1llumination of
display surface 64a. The infrared light produced by the IR
sources may:

exit through the table surface without illuminating any

objects, as indicated by dash line 78a;

illuminate objects on the table surface, as indicated by dash

line 785; or

illuminate objects a short distance above the table surface

but not touching the table surface, as indicated by dash
line 78c.

Objects above display surface 64a include a “touch” object
76a that rests atop the display surface and a “hover” object
766 that 1s close to but not 1n actual contact with the display
surface. As a result of using translucent layer 645 under the
display surface to diffuse the IR light passing through the
display surface, as an object approaches the top of display
surface 64a, the amount of IR light that 1s reflected by the
object increases to a maximum level that1s achieved when the
object 1s actually 1n contact with the display surface.

A digital video camera 68 1s mounted to frame 62 below
display surface 64a 1n a position appropriate to receive IR
light that 1s reflected from any touch object or hover object
disposed above display surface 64a. Digital video camera 68
1s equipped with an IR pass filter 86a that transmits only IR
light and blocks ambient visible light traveling through dis-
play surface 64a along dotted line 84a. A batile 79 1s disposed
between IR source 66 and the digital video camera to prevent
IR light that i1s directly emitted from the IR source from
entering the digital video camera, since 1t 1s preferable that
this digital video camera should produce an output signal that
1s only responsive to the IR light reflected from objects that
are a short distance above or 1n contact with display surface
64a and corresponds to an 1image of IR light reflected from
objects on or above the display surface. It will be apparent that
digital video camera 68 will also respond to any IR light
included in the ambient light that passes through display
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surface 64a from above and into the interior of the interactive
display (e.g., ambient IR light that also travels along the path
indicated by dotted line 84a).
IR light reflected from objects on or above the table surface
may be:
reflected back through translucent layer 6456, through IR
pass lilter 86a and into the lens of digital video camera
68, as indicated by dash lines 80a and 805; or

reflected or absorbed by other interior surfaces within the
interactive display without entering the lens of digital
video camera 68, as indicated by dash line 80c.

Translucent layer 645 diffuses both incident and reflected
IR light. Thus, as explained above, “hover” objects that are
closer to display surface 64a will reflect more IR light back to
digital video camera 68 than objects of the same reflectivity
that are farther away from the display surface. Digital video
camera 68 senses the IR light reflected from “touch™ and
“hover” objects within 1ts imaging field and produces a digital
signal corresponding to images of the reflected IR light that 1s
input to PC 20 for processing to determine a location of each
such object, and optionally, the size, orientation, and shape of
the object. It should be noted that a portion of an object (such
as a user’s forearm) may be above the table while another
portion (such as the user’s finger) 1s 1n contact with the dis-
play surface. In addition, an object may include an IR light
reflective pattern or coded i1dentifier (e.g., a bar code) on its
bottom surface that i1s specific to that object or to a class of
related objects of which that object 1s a member. Accordingly,
the 1maging signal from digital video camera 68 can also be
used for detecting each such specific object, as well as deter-
minmng i1ts orientation, based on the IR light reflected from its
reflective pattern, 1n accord with the present invention. The
logical steps implemented to carry out this function are
explained below.

PC 20 may be integral to interactive display table 60 as
shown 1n FIG. 2, or alternatively, may instead be external to
the interactive display table, as shown 1n the embodiment of
FIG. 3. In FIG. 3, an interactive display table 60' 1s connected
through a data cable 63 to an external PC 20 (which includes
optional monitor 47, as mentioned above). As also shown 1n
this Figure, a set of orthogonal X and Y axes are associated
with display surface 644, as well as an origin indicated by *“0.”
While not specifically shown, it will be appreciated that a
plurality of coordinate locations along each orthogonal axis
can be employed to indicate any location on display surface
64a.

If the interactive display table 1s connected to an external
PC 20 (as 1n FIG. 3) or to some other type of external com-
puting device, such as a set top box, video game, laptop
computer, or media computer (none shown), then the inter-
active display table comprises an input/output device. Power
for the interactive display table 1s provided through a power
lead 61, which 1s coupled to a conventional alternating current
(AC) line source (not shown). Data cable 63, which connects
to 1nteractive display table 60', can be coupled to a USB 2.0
port, an Institute of Electrical and Electronics Engineers
(IEEE) 1394 (or Firewire) port, or an Ethernet port on PC 20.
It 1s also contemplated that as the speed of wireless connec-
tions continues to improve, the interactive display table might
also be connected to a computing device such as PC 20 via
such a high speed wireless connection, or via some other
appropriate wired or wireless data communication link.
Whether included internally as an integral part of the interac-
tive display, or externally, PC 20 executes algorithms for
processing the digital images from digital video camera 68
and executes software applications that are designed to use
the more intuitive user interface functionality of interactive
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display table 60 to good advantage, as well as executing other
soltware applications that are not specifically designed to
make use of such functionality, but can still make good use of
the input and output capability of the interactive display table.
As yet a further alternative, the interactive display can be
coupled to an external computing device, but include an inter-
nal computing device for doing image processing and other
tasks that would then not be done by the external PC.

An mmportant and powertul feature of the interactive dis-
play table (1.e., of either embodiments discussed above) 1s its
ability to display graphic images or a virtual environment for
games or other software applications and to enable an 1nter-
action between the graphic image or virtual environment
visible on display surface 64a and objects that are resting atop
the display surface, such as an object 76a, or are hovering just
above 1t, such as an object 765. It 1s the ability of the interac-
tive display table to visually detect such objects, as well as the
user’s finger or other object being moved by the user that
greatly facilities this rich interaction.

Again referring to FIG. 2, interactive display table 60
includes a video projector 70 that 1s used to display graphic
images, a virtual environment, or text information on display
surface 64a. The video projector 1s preferably of a liquid
crystal display (LCD) or digital light processor (DLP) type, or
a liquid crystal on silicon (LCoS) display type, with a reso-
lution of at least 640x480 pixels. An IR cut filter 865 1s
mounted 1n front of the projector lens of video projector 70 to
prevent IR light emitted by the video projector from entering
the 1nterior of the interactive display table where the IR light
might interfere with the IR light reflected from object(s) onor
above display surface 64a. A first mirror assembly 72a directs
projected light traveling from the projector lens along dotted
path 82a through a transparent opening 90q 1n frame 62, so
that the projected light i1s incident on a second mirror assem-
bly 72b. Second mirror assembly 725 retlects the projected
light onto translucent layer 645, which 1s at the focal point of
the projector lens, so that the projected image 1s visible and in
focus on display surface 64a for viewing.

Alignment devices 74a and 745 are provided and include
threaded rods and rotatable adjustment nuts 74¢ for adjusting,
the angles of the first and second mirror assemblies to ensure
that the 1image projected onto the display surface 1s aligned
with the display surface. In addition to directing the projected
image 1 a desired direction, the use of these two mirror
assemblies provides a longer path between projector 70 and
translucent layer 645, and more importantly, helps in achiev-
ing a desired size and shape ol the interactive display table, so
that the interactive display table 1s not too large and 1s sized
and shaped so as to enable the user to sit comiortably next to
it.

The foregoing and following discussions describe an inter-
active display device 1n the form of interactive display table
60 and 60'. Nevertheless, it 1s understood that the interactive
display surface need not be 1n the form of a generally hori-
zontal table top. The principles described i this description
of the invention suitably also include and apply to display
surfaces of different shapes and curvatures and that are
mounted 1n orientations other than horizontal. Thus, although
the following description refers to placing physical objects
“on”” the interactive display surface, physical objects may be
placed adjacent to the interactive display surface by placing
the physical objects 1n contact with the display surface, or
otherwise adjacent the display surface.

IR Images Captured with and without a Controlled IR Source

Although 1nteractive display table 60 (FIG. 2) employs an
IR pass filter 86a, this filter only excludes non-IR light from
reaching the IR video camera. Extraneous IR light signals
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also should be limited or compensated to prevent these undes-
ired signals from interfering with the functioning of the inter-
active display table 60. FIGS. 4A-4F show a portion of an
interactive display table to illustrate how unintended IR sig-
nals can distort an IR-spectrum 1mage of a user’s hand 402
engaging an interactive surface 64a.

FIG. 4A shows user’s hand 402 partially touching and
partially “hovering” over display surface 64a. An IR imaging,
system can respond to and differentiate between physical
objects touching the interactive display surface and physical
objects hovering proximate to the display surface, as
described 1n commonly assigned, co-pending U.S. patent
application Ser. No. 10/814,761, entitled “Determining Con-
nectedness And Offset Of 3D Objects Relative To An Inter-
active Surface,” which was filed on Mar. 31, 2004, the speci-
fication and drawings of which are hereby Speciﬁcally
incorporated herein by reference.

More particularly, in FIGS. 4 A, 4C, and 4E, thumb 404 and
middle finger 408 of user’s hand 402 are touching interactive
display surface 64a, while index finger 406 and ring finger
410 “hover” a short distance above interactive display surface
64a, and little finger 412 hovers slightly further away from
interactive display surface 64a.

In FIG. 4A, beams of IR light 414 emanating from IR light
source 66 pass through interactive display surface 64a and are
incident on user’s hand 402. Beams of reflected IR light 416
pass back through interactive display surface 64a, continuing,
through IR band pass filter 86a and into IR video camera 68.
The IR video camera produces a signal corresponding to an
image of the IR light entering the camera. This 1mage 1s a
function of IR light beams 416 and any other IR light that
reach the IR video camera. In FIG. 4A, the only source of IR
light 1s IR source 66; there are no unintended ambient or
extrancous IR light sources 1n FI1G. 4A. Batlle 79 prevents IR
light from IR source 66 from directly entering the lens of IR
video camera 68.

FI1G. 4B shows the resulting IR -1mage of user’s hand 4024
produced by IR video camera 68 1n response only to beams of
IR light 416 for IR source 66 that are retlected by user’s hand
402. In response to beams of reflected IR light 416, user’s
hand 402a has a greater intensity or brightness than that of the
background 420q 1n this image. Further, tips of thumb 4044
and middle finger 408a have a greater intensity or brightness
than the rest of fingers 406a, 410a, and 412a, and the rest of
hand 402a, in the image. Tips of thumb 404a and middle
finger 408a are the only parts of hand 4024 touching display
surface 64a (F1G. 4A), so that the IR light reflected from the
tips of the thumb and middle finger sutiers less reduction due
to the diffusion of interactive display surface 64a and there-
fore have a greater intensity than the rest of hand 402a or
background 420a. Although only two distinct intensity levels
are shown 1n FI1G. 4B, it will be appreciated, however, that the
intensity of the retlected IR light will vary based on the
reflectivity of a physical object and 1ts distance from 1nterac-

tive display surface 64a.
In FIG. 4C, IR source 66 1s deactivated. Thus, unlike the

illustration 1n FIG. 4A, beams of IR light 414 are not pro-
jected toward user’s hand 402, and there are no beams of IR
light 416 reflected from the user’s hand toward IR video
camera 68. However, unlike the illustration of FIG. 4 A, FIG.
4C shows beams of IR light 422 and 424 originating beyond
interactive display surface 64a, which are captured by IR
video camera 68. For example, IR beams 422 might represent
IR light emanating from any incandescent light source 1n the
ambient environment of the interactive display table, and IR
beams 424 might represent beams of IR light included in
sunlight 1lluminating the ambient environment through a
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window (not shown). Beams of IR light 422 and 424 pass
around user’s hand 402 and between user’s fingers 404-412,
continuing through IR band pass filter 86a. The “backlight-
ing” of user’s hand 402 therefore results 1n an 1mage that
includes a shadow of user’s hand 402 against a brighter back-
ground 4205, as shown 1n FIG. 4D.

In FIG. 4D, user’s hand 402 1s dark—not bright and 1llu-
minated as i FIG. 4B. IR light coming only from behind
user’s hand 402 appears much brighter than the user’s hand in
this 1image, so that the user’s hand appears only as a shadow
against brighter background 42056. The image of FIG. 4D 1s
understandably like that of a person standing with the sun
behind the person, so that the person 1s backlit by the sun. The
diffuse rays of backlighting result in a rather homogeneous
shadowy 1mage of the person against a much brighter back-
ground. As can be seen 1n FIG. 4D, there 1s no distinction
between the 1images of finger tips of thumb 4045 and middle
finger 4085 and the rest of the image of hand 4026 and fingers
4065, 4105, and 4125 as there 1s 1n FIG. 4B. Thus, the back-
lighting of user’s hand with ambient IR light, at a minimum,
tends to reduce the contrast between touching and hovering
digits and hand, and may substantially reduce the useful
image processing of an image that includes user’s hand 402.
In general, any segmentation of the image, 1.¢., labeling each
pixel as being part of the user’s hand or not, or any pixel as
part of an object placed on the interactive display surface or
not 1s more difficult under these conditions. The ambient light
levels can easily match those of the reflected IR light from the
IR light source. In general, 1t 1s possible to read the surface
appearance of any object (since the ambient light does not
impact the light returned from objects if they are opaque),
thus 1t 1s not possible to rely on contours and shapes, or on the
absolute pixel intensities 1n an 1image as an indication of what
object 1s 1n contact with the interactive display surface.

In FIG. 4E, IR source 66 1s once again activated as 1n FIG.
4 A . This time, however, ambient IR sources are also active, so
that, for example, ambient IR light from 1incandescent light
422 and sunlight 424 are also present. As shown 1n FIG. 4E,
projected beams of IR light 414 reach user’s hand 402 and
fingers 404-412 trom IR source 66, and reflected beams of IR
light 416 from the hand and fingers reach IR video camera 68.
At the same time, ambient IR light 422 and 424, shining
around user’s hand 402 and through user’s fingers 404-412,
also reaches the IR video camera. Again, none of beams 416,
422, and 424 are blocked by IR band pass filter 86a.

The resulting image of FIG. 4F shows that IR light beams
416 retlected from the user’s hand and ambient IR light beams
422 and 424 may eflectively offset each other. As a result,
contrast may be substantially reduced, not only between the
tips of user’s fingers 404¢ and 408¢ touching interactive dis-
play 64a and the rest of user’s hand 402¢ and fingers 406c¢,
410c¢, and 412c¢, but 1n general, between user’s hand 402¢ and
fingers 404¢c-412¢, and background 420¢. Background 420c¢
will be bright as 1n FIG. 4D, and the user’s fingers 404¢ and
408¢ will be discernible, due to the reflected IR from the IR
light source. Also, user’s hand 402¢ will be evident as a
shadow relative to the bright ambient background. If beams of
reflected IR light 416 from the user’s hand are of substantially
greater intensity than the beams of ambient IR light 422 and
424, the image of user’s hand 402¢ and fingers 404¢-412¢ still
might stand out as brighter than background 420c. Active
adjustment of the mtensity of IR source 66 would have to be
made to account for beams of ambient light 422 and 424 while
attempting to preserve contrast between of the tips of fingers
404¢ and 408¢ that are touching interactive display surface
64a and the background illuminated by ambient IR light
beams 422 and 424.
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Accordingly, the present mvention compensates for the
elfects of undesired and/or unintended ambient sources of IR
light such as external incandescent light 422 and sunlight 424
by creating a composite set of 1maging data from which the
ambient sources of IR light are substantially removed. Again
referring to FIGS. 4B, 4D, and 4E, what 1s desired 1s to
achieve the equivalent of the image of FIG. 4B, where only
reflected beams of IR light 416 (FIG. 4A) are received at IR
video camera 68. Unfortunately, except by substantially
climinating most of the ambient IR light in the environment,
external sources of IR light 422 and 424 will typically be
included, along with retlected beams of IR light 416, resulting
in an 1mage more like that of FIG. 4F unless the presence of
the ambient IR light 1s compensated. Without providing
appropriate compensation, whenever there are ambient IR
sources present in the environment, the undesired back-
ground 1n the 1image of FIG. 4D will always be added to the
desired image of IR light reflected from objects as in F1G. 4B,
yielding an image with the problems of FIG. 4F.

While the image of FIG. 4B cannot be naturally captured
except 1 an 1solated setting, the environments of FIGS. 4C
and 4F can be selectively achieved 1n a typical setting. FIG.
4C shows an environment in which extraneous IR light beams
422 and 424 produce the image of FIG. 4D, which can be
captured when IR source 66 1s deactivated. FIG. 4E shows a
typical environment that includes both reflected IR light
beams 416 (when IR source 66 1s activated) and extraneous IR
light beams 422 and 424. Thus, the image of FIG. 4F can be
captured when IR source 66 1s selectively activated 1n the
presence of extraneous IR light. Since the image of F1G. 4F 1s
the compilation of the image resulting from desired reflected
IR light of FIG. 4B and the image resulting from undesired
extrancous IR light of FIG. 4D, subtracting the image of FIG.
4D from the image of FIG. 4F should yield the image of FIG.
4B, thereby compensating for the extraneous or ambient IR
light.

Thus, the desired 1mage generally like that of FIG. 4B can
be achieved 1n a typical environment by collecting two sets of
image data. A first set of 1image data 1s collected with IR
source 66 activated and with any existing ambient or extra-
neous IR sources present. A second set of 1image data 1s also
collected with IR source 66 deactivated. The second set of
image data collected 1s then subtracted pixel by pixel from the
first set of 1mage data, yielding a compensated set of 1mage
data that includes only reflected IR light beams generated by
the IR source; the extrancous sources are elfectively
excluded. Ideally, the first and second sets of 1mage data are
collected rapidly and sequentially to, as closely as possible,
provide differently 1lluminated images of the same conditions
on the mteractive display surface.

A preferred embodiment of the present invention does not
attempt to reduce the effect of unintended IR sources based
upon static ambient IR measurements or an 1nitial calibration.
Accordingly, at the commencement of 1mage acquisition by
the IR video camera, there 1s no delay for image calibration.
In addition, the present invention adapts better to changes 1n
ambient IR sources and light levels than a static calibration or
compensation method can. For example, if a user were asked
to remove physical objects from the interactive display sur-
face for image calibration then directed to continue using the
interactive display surface, the calibration data would not take
into account how the presence of physical objects added to the
interactive display surface after its calibration may block
signals from ambient IR sources. The present invention, how-
ever, takes into consideration the IR shadows, such as that
shown 1n FIG. 4D, which are caused by physical objects
blocking ambient IR sources. Thus, the present invention
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generates image data presenting a greater IR contrast at such
points than 1 the IR 1mage captured with the IR source acti-
vated was compared to a static IR source 1image that was
captured without the physical object present.

Furthermore, the present invention continually appropri-
ately accounts for and responds to changes 1n ambient IR
sources and IR light 1n the environment. As a result, changes
in ambient IR sources, such as a room light being turned on or
off, or the intensity of sunlight passing through a window
changing because of variation 1n the weather, the passing of
time changing sun angles, or a window shade being moved,
do not hamper the effectiveness of the reduction of unin-
tended IR sources by the present invention. Similarly, even
more transient changes 1n light from ambient IR sources, for
example, resulting from a person walking between the inter-
active display surface and a lamp or a window, are compen-
sated by the present invention.

System for Generating Image Data to Reduce Effects of
Undesired IR Sources

FIG. 5 shows a system 500 for generating composite imag-
ing data in which the effects of undesired IR light sources are
substantially compensated. System 500 works with interac-
tive display surface 64a. PC 20 (shown in FIGS. 1-3) carries
out the functions of 1mage processing and includes a storage
device 516. The PC processes the images produced by the IR
video camera to detect the presence and/or movement of a
user’s finger 408 or other physical object disposed on or
adjacent to the interactive display surface.

As previously described in connection with FIGS. 4A, 4C,
and 4E, IR source 66 1s selectively activated to direct IR light
beams 414 toward interactive display surface 64a. Retlected
IR light beams 416, as well as beams of ambient IR light from
incandescent light 422 and sunlight 424 pass through inter-
active display surface 64a, continuing through IR band pass
filter 86a and are detected by a sensor 302 1n IR video camera
68.

IR video camera 68 includes an 1image capture synchroni-
zation output 504 that produces an 1mage capture signal at the
inception of each image capture interval. The 1image capture
signal 1s recerved by an IR source controller 506, which
activates IR source 66 at every other image capture interval.
For example, 1f the frame rate of the IR video camera 1s X
frames per second, the effective rate for activating IR source
68 15 X/2 times per second. As a result, every other image
frame captured by IR video camera 68 and conveyed as a

signal from data output port 508 will include reflected IR
beams 416 and ambient IR beams 422 and 424, while every
alternative image frame will include only ambient IR beams
422 and 424. This approach 1s currently used 1n a preferred
embodiment, but other approaches could instead be
employed. The IR video camera and the IR source could be
driven synchronously by PC 20, which could 1ssue a com-
mand to activate or deactivate the IR source, and then imme-
diately acquire a frame with the IR video camera. Or a special
circuit could be provided to maintain the synchromization. In
the embodiment discussed above, 1t 1s preferable to drive the
IR video camera with a clock and simply synch from 1its
output pulse, as a matter of convenience.

A typical video camera captures a total of 30 frames per
second. Accordingly, 15 composite sets of 1imaging data are
captured each second by combining 15 frames that are cap-
tured with IR source 66 activated with 15 frames that are
captured with IR source 66 deactivated. It will be appreciated
that higher frame rates are preferable. The more frames per
second that are captured, the more accurately will the frames
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captured with IR source 66 activated and IR source 66 deac-
tivated represent how objects appeared at interactive display
surtface 64a 1n time.

In one embodiment of the present invention, the 1mages
output through data output port 508 are stored 1n a data buifer
memory 510. Each frame 1s tagged according to whether the
frame was captured with the IR source on, or off. Tagging of
frames 1s suitably accomplished by setting a flag to indicate
whether the frames were captured with the IR source on or
off. Alternatively, frames can be tagged 11 the IR source is
activated only on odd-numbered or only on even-numbered
frames. In a current preferred embodiment, the intensity of a
frame 1s evaluated by summing the pixel intensities over the
image and comparing the sum of the intensities from one
frame to the next. The frame with the greater sum of intensi-
ties 1s the “on” frame. Alternatively, 1t would be possible to
place a white target at a known location on the underside of
the apron surrounding 1nteractive display surface 64a, so that
by examining the pixel intensity in the known location, it can
readily be determined 11 the IR source was active 1n a given
frame.

From data buffer memory 510, frames are divided by a
frame separator 512 that separates the frames as a function of
whether the IR source was activated when a frame was cap-
tured. Frames for which the IR source was activated are
routed to a positive side of a summer 514, while frames for
which the IR source 66 was deactivated are routed to a nega-
tive side of summer 514, so that value for each point or pixel
in each frame where the only IR 1llumination resulted from
ambient IR sources can be subtracted from the corresponding
value for that point or pixel where both IR source 66 was
activated and ambient IR sources were present. Pixelwise
subtracting the “IR source off” frames from the “IR source
on” frames results 1n composite imaging data having IR val-
ues representing only the reflected IR light from IR source 66,
substantially excluding the effect of ambient IR illumination.

More particularly, points of the respective images are pix-
clwise subtracted at summer 514 according to Eq. (1), as
follows:

Dx.y)=lonx,y)~Iopr(x,y) (1)

where:

X,y represents a coordinate location of a point on the inter-

active side of the light-permeable; surface;

I, (X, y) represents intensity of IR light detected during the

first image capture interval at point x,y;

I,-~(X,y) represents intensity of IR light detected during

the second 1mage capture interval at point x,y; and

D(x,y) represents the net intensity of IR light at point x,y

when the intensity of the IR light captured at the point
x,y during the second image capture interval 1s sub-
tracted from the intensity of the IR light captured at the
point X,y during the first image capture interval.

Once the corresponding IR source 66 activated and IR
source deactivated frame pairs are combined at summer 514,
the composite set of 1maging data generated 1s passed to
1mage processing or storage, so that characteristics of one or
more physical objects 408 present on or proximate to the
interactive display surface can be processed and the results
used by the mteractive display system.

Method for Generating Image Data to Reduce Eflects of
Undesired IR Sources

FI1G. 6 1s a flow diagram 600 1llustrating exemplary logical
steps for substantially eliminating or reducing the etfects of
undesired IR 1llumination according to the present mnvention.
At a step 602, IR imaging of the interactive display surface
begins. At a step 604, the IR source is selectively synchro-

5

10

15

20

25

30

35

40

45

50

55

60

65

14

nized with the 1mage acquisition signal generated by the IR
video camera (or other 1imaging device that might alterna-
tively be used). Selective IR source synchronization 1s desired
because, as previously explained, the IR source 1s activated
only during every other image acquisition interval.

At a step 606, the IR source 1s activated. At a step 608, the
interactive display surface is imaged with the IR source
turned on. At a step 610, the IR source 1s deactivated, and at a
step 612, the interactive display surface 1s imaged with the IR
source turned off. Using the image frames captured at steps
608 and 612, at a step 614 the 1mage data captured for pairs of
frames under these two different lighting conditions are pix-

elwise combined, as previously described 1n connection with
FIG. 5 and Eq. (1) to compensate for the effect of light from
umintended IR sources. After the image data are combined at
step 614 to generate the composite data, at a step 616, the
composite data are used for image processing, such as to
detect physical objects on or adjacent to the interactive dis-
play surface, or the data are stored for later processing.

At a decision step 618, 1t 1s determined 1T IR 1maging data
are continuing to be captured. If so, the flow diagram loops to
step 606, where the selective activation and deactivation and
image capture continues. On the other hand, 11t 1s determined
at decision step 618 that the IR imaging 1s complete, the flow
diagram proceeds to a step 620 and ends.

Although the present invention has been described 1n con-
nection with the preferred form of practicing 1t and modifi-
cations thereto, those of ordinary skill in the art will under-
stand that many other modifications can be made to the
present invention within the scope of the claims that follow.
Accordingly, 1t 1s not intended that the scope of the invention
in any way be limited by the above description, but instead be
determined entirely by reference to the claims that follow.

The mvention 1 which an exclusive right 1s claimed 1s
defined by the following:

1. An1maging system for reducing an effect of an undesired
inirared light source using a desired inirared light source and
an 1mage capture device that detects emissions of both the
undesired 1nirared light source and the desired infrared light,
comprising:

a desired 1nfrared light source that 1s positioned on a first
side of a light permeable surface, the desired iirared
light source selectively emitting desired infrared light
that 1s transmitted through the light permeable surface
onto a physical object positioned on or adjacent to an
opposite side of the light permeable surface and 1is
reflected back through the light permeable surface by the
physical object;

an 1mage capture device that is positioned on the same first
side of the light permeable surface as the desired infrared
light source, the mmage capture device sensing the
desired infrared light after 1t 1s reflected by the physical
object, and also sensing undesired intrared light that
passes through the light permeable surface from undes-
ired sources of infrared light located on the opposite side
of the light permeable surface;

a screening device that 1s positioned on the same first side
of the light permeable surface as the desired infrared
light source and between the desired infrared light
source and the i1mage capture device to prevent the
desired infrared light from entering the image capture
device prior to being retlected back through the light
permeable surface by the physical object;

a processor in communication with the desired infrared
light source and the image capture device; and

[l
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a memory in communication with the processor, the
memory storing data and machine instructions that
cause the processor to carry out a plurality of functions,
including;:
activating the desired inirared light source during a first
image capture nterval;

capturing a first set of 1image data during the first image
capture interval with the image capture device;

deactivating the desired infrared light source during a
second 1mage capture interval;

capturing a second set of 1mage data during the second
image capture interval with the image capture device;
and

generating a composite set of 1mage data from the first
and second set of 1mage data to thereby substantially
climinate the undesired infrared light from the com-
posite set of 1mage data.

2. The system of claim 1, wherein the first values 1n the first
set ol 1mage data represent an intensity of infrared light cap-
tured by the image capture device for a plurality of points
across a plane of the light permeable surface during the first
image capture mterval while the desired infrared light source
was activated, and the second values 1n the set of 1mage data
represent an intensity of infrared light captured by the image
capture device for the plurality of points across the plane of
the light permeable surface during the second 1image capture

interval while the desired infrared light source was deacti-
vated.
3. The system of claim 1, wherein
generating the composite set of image data comprises sub-
tracting from first values 1n the first set of 1image data,

corresponding second values 1n the second set of 1mage
data, as defined by:

D(x,v)=lon(x,v)—Iorr(x,v) where:

(a) X,y represents a coordinate location of a point on the
plane;

(b) Ion(X,y) represents an intensity of infrared light
detected by the 1image capture device during the first
image capture interval at the point X,y;

(c) Iorr(x,y) represents an intensity of infrared light
detected by the 1image capture device during the second
image capture interval at the point x,y; and

(d) D(x,y) represents a net intensity of infrared light at
point X,y when the intensity of the infrared light captured
at the point X,y during the second 1image capture interval
1s subtracted from the intensity of the infrared light
captured at the point x, y during the first image capture
interval.

4. The system of claim 1, wherein the machine 1nstructions
stored 1n the memory further cause the processor to use the
desired infrared light reflected by the physical object to rec-
ognize a characteristic of the physical object.

5. An1maging system for reducing an effect of an undesired
infrared light source using a desired infrared light source and
an 1mage capture device that detects emissions of both the
undesired inirared light source and the desired infrared light,
comprising;

a desired infrared light source that 1s positioned on a first
side of a light permeable surface, the desired infrared
light source selectively emitting desired infrared light
that 1s transmitted through the light permeable surface
onto a physical object positioned on or adjacent to an
opposite side of the light permeable surface and 1is
reflected back through the light permeable surface by the
physical object;
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an 1image capture device that 1s positioned on the same first
side of the light permeable surface as the desired intrared
light source, the 1mage capture device sensing the
desired infrared light after 1t 1s retlected by the physical
object, and also sensing undesired infrared light that
passes through the light permeable surface from undes-
ired sources of infrared light located on the opposite side
of the light permeable surface, the image capture device
further generating an 1mage capture signal;
a screening device that 1s positioned on the same first side
of the light permeable surface as the desired inirared
light source and between the desired infrared light
source and the 1mage capture device to prevent the
desired infrared light from entering the 1mage capture
device prior to being reflected back through the light
permeable surface by the physical object;
an inirared light source controller configured to:
receive the 1image capture signal; and
selectively actuate the desired infrared light source 1n
response to receipt of the image capture signal, such
that the desired infrared light source 1s activated on
receipt of a first image capture signal indicating a first
image capture interval and deactivated on receipt of a
second 1mage capture signal indicating a second
image capture interval;
a processor in communication with the desired infrared
light source and the 1mage capture device; and
a memory 1n communication with the processor, the
memory storing data and machine instructions that
cause the processor to carry out a plurality of functions,
including:
capturing a {irst set of image data with the image capture
device during the first image capture interval;

capturing a second set of 1image data with the image
capture device during the second 1image capture inter-
val; and

generating a composite set of image data from the first
and second set of 1mage data to thereby substantially
climinate the undesired infrared light from the com-
posite set of image data.

6. The system of claim 5, wherein first values 1n the first set
ol image data represent an intensity of infrared light captured
by the 1image capture device for a plurality of points across a
plane of the light permeable surface during the first image
capture interval while the desired infrared light source was
activated, and second values 1n the set of image data represent
an intensity of infrared light captured for the plurality of
points across the plane of the light permeable surface during
the second 1mage capture interval while the desired infrared
light source was deactivated.

7. The system of claim 6, wherein generating the composite
set of 1image data comprises subtracting from {first values 1n
the first set of image data, corresponding second values 1n the
second set of 1mage data, as defined by:

D(x,v)=Ion(x,v)-Iorr(x,v) where:

(a) X,y represents a coordinate location of a point on the
plane;

(b) Ion(x,y) represents an intensity ol infrared light
detected during the first image capture interval at the
point X,y;

(¢) Iorr(X,y) represents an intensity of infrared light
detected during the second 1image capture interval at the
point X,y; and

(d) D(x,y) represents a net intensity of infrared light at the
point X,y when the intensity of the infrared light captured
at the point X,y during the second 1image capture interval



US 8,165,422 B2

17

1s subtracted from the intensity of the inirared light

captured at the point X,y during the first image capture
interval.

8. The system of claim 5, wherein the machine instructions

stored 1n the memory further cause the processor to use the
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desired infrared light reflected by the physical object to rec-
ognize a characteristic of the physical object.
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